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Arctowski observed that \7hhn CyO^ was heated, red 
vapors were evolved (l) and ccncluder» that tht red vapors 
nay be chrcniiun trioxide carried cff Liechanically by the 
oxygen liberated during deccnpcsiticn, a true volatilisation, 
or both ccmbined. To determine i± it v/ere possible to vol- 
atilize chromiun trioxide, he put the oxide, from v/hich all 
water had been rcnoved with the gi^eatest possible care, in a 
bottle (Pig. I) placed .in an oil bath. A "U" tube was 
introduced through the cork and v/as cooled by a stream of 
water, as this offers a cool surface en which the oxide can 
condense. The air was exhausted tc 16 run. and after exhaust- 
ing, the temperature y^lis raised tc 110** - 130®, whert. it was 
kept for 20 hours, when small red needle-like crystals were 
observed on the end of the "U" tube. If the heating were 
continued for four days at a temperature of 125® and a pres- 
sure of 16 irja. , it is possible tc obtain crystals of the sub- 
limed oxide 2 mm. in ler^th^and by obtaining these crystals 
of sublimed oxide so far below the melting point of the 
oxide (193®), proves that it is possible to sublime the 
oxide without deco^.iposit ion. 

When pure chromium trioxide is heated it ass-zmes a 
much darker color than its usual deep red, and considerably 
TD Zeit. Ajiorgan. Chem. , 9, 29. 
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4 
below its melting point becomes nearly black, re^enblinG pot- 
asr.iura permanganate in color. The trioxide :aelts at 193^ 
and above this temperature oxygen is evolved, the sesquioxide 
being foraged at the saist time. Just as the melting point is 
reached and decern] osition begins, when the trioxide i^ heated, 
dark red fumes are given off. These can be condensed in a 
crystalline form. 

The fcllcv/i.:g series of experiments are conducted 
with the view of ascertaining wliat factors, and how they 
influence the volatilization of the chromium trioxide. 

The material used in this series of experiments 
was Kahlbaum's C.P. chromium trioxide free from IIoSO. . 
Sulphuric acid, nitric acid and the halogens were tested for 
and none v/ere found to be present^ moisture being the only 
impurity which it contains. The v/ater content was carefully 
determined by placing a v/eighed amount ci the oxide in tube 
"CD" as shown in Pig. II, then tv/c layers of fused ITa2C0., , 
separated from the CrOj by glass wool v;ere inserted to pre- 
vent the volatilized trioxide from being carried off v/ith t'.ie 
water into the weighing tube. The corks being removed, tube 
"CD" is placed in "i-" ^ "U" tube "C" (weighed) placed in po- 
sition. "H" is closed at "X" sc that the generation of gas 
(0 + CO2) in "L" will not force the bubbles of gas back 
through "B" instead of through the vveif-hed tube "C". Heat 
is new applied to "1-", the temperature gradually raised 
until no mere gas is generated by the decomposition 
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cf the Cr03, whfen "B" is opened at "X" and air is dravm 
thrcu^h "i." until all cf the sicisture is removed, when "C" 
ir. af^ain weighed. 

"U" tube + 1120 46.0430 21.0928 "B" + CrO^ 

"U" tube 46.952 3 20.0861 "B" - CrOg 

HoO 0.0102 1.0112 CrO„ 

0.0102 f 1.0112 = l.OOf/ HgO 
"U" tube + II2O 46.9509 20.0305 

"U" tube 46.9599 19.0 030 

1120 0.0110 1.0^325 

O.OllO i 1.0725 = 1.02,':;' H20 

1. Averaf^e LOIN'S" H.,0 

As chromium trioxide containirif; a very snail 
anoimt cf v/ater will evclve carbon dioxide frcii scdiiim 
carbonate, thun cccasioninc a Icgs cf ncistiire, the oxide 
and alkaline carbonate cannot be previously mixed. Accord- 
in(;ly, t:ii3 me tried of heatinr; the t'.^ioxide and conduct- 
ing the vapors through anhydrouc scdi'un carbonate v/as 
found to be the best method of proce dure. 

The chromium trioxide containing l.OZJ'^ of water was 
heated on a platinuj:i crucible cover, supported on a piece 
of heavy asbestos board, the heat being supplied by means 
of a Bunsen burner, and raised as fast as possible without 
loosing CrOj by spirting, which will take place if oxygen 
is evolved to rapidly during decomfositicn. It has been 
found absolutely necessary to heat on the blast lamp to 
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6 
Obtain a constant v/eif;ht, and also during the process of heat- 
ing in all experin&nts to carefully protect the oxide from 
all reducing gases, as the CrO^ is ''-educed to Cr^O^ v/ithcut 
volatilization. 

0.7756 CrOg + IlgO taken 0.7756 

0.25:^7 loss 0.00 78 

'".541f Cr..,Oo = 0.7127 CrOj. 0.7676 CrOj taken 

0.7C3o X l'*^! = 0.0076 H^O 0.71 27 

0.0551 \ 0.7678 = 0.0717 0.0551 loss CrO^ 

.'. 1 .iT/'o volatilized 

0.9653 Cr03 + HyO taken 0.9C53 

0.2061 loss 0.0097 

0.6792 CrgOs = 0.0933 CrOj 0.9556 CrOj taken 

0.9653 X 1*01 = 0.0097 HoO 0.09 55 

0.0623 T 0.9556 = 0.0652 0.©623 loss CrO^ 

.'. 6.52,^ volatilized. 
• In a second -series of experiments Cwromiun trioxide v^hich had 
been dried in an air bath for eight hours at a temperature 
of 125**, was used. The aiicunt of water in this sample 
was deteiT.iincd in the same way as above, and found to be 
.45;,'. 

"U" tube + HoO 31.5474 40.9007 

"U" tube 29.646 9 40.6911 

HoO 1.9005 0.0096 

0.0096 T 1.90c 5 = .5qf/ HoO 
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"U" tube + HgO 


48.9004 






29.6489 


"U" tubfc 


48.8944 






28.3654 


HgO 


0.0050 






1.2855 


0.0050 


- 1.2855 = 


.39;^ 


\^0 




2 Avfcl 


•age 


. 45;'/ 


i» 





?hfe amount vclatillzed in then detenninfed en this sanple 
in the usual manner. 

1.1188 CrOj + H2O taken 

0.3293 less 



0.7895 Cr203 = 1.0384 CrOs 
1.1188 X .45 = .0050 H2O 
0.0754 7 1.1138 = 0.0677 

6.77/0' volatilized 



1.1188 CrO^, + HgO 



0.0050 HoO 
1.1138 CrOj taken 
1.0384 



0.0754 loss CrO. 



1.2020 CrOj + IIoO ta::cn 
0.3479 leer. 



0.8541 C^ - 1.1233 Cr03 
1.2020 X .45 = 0.0054 H2O 
0.0733 T 1.1966 = 0.0612 

G»12/o volatilized 



1.2020 CrO^ + H 
0.0054 FIgO 
1.196G CrOj taken 
1.1233 



0.0733 Iocs CrOj 



In a third series cf experiments the tricxide was first 
fused, the water content determined on five grams cf the 
oxide, which had been fused at the lowest possible temperature 
and the i:iaterial was found to be anhydrous. The f usl d oxide 
is nov/ volatilized in the usual rranner. 
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8 
Wt. CrOs Less (0 + CrO^) ;!' CrO^ volatilized 

.6705 .1977 7.27 

Prcm these results it is evident that, other conditions 
being the same, small amounts of water have no influence 
on t:ie volatility of the oxide. As a matter of fact the 
red vapor is p;iven off only after a state of fusion has 
been reached, and at this time the oxide is aniiydroug. 
That Cr03 retains traces of water tenaciously at temper- 
at'^res below its melting point, is evident from the fact that 
an experim^^nt was conducted in which the oxide containing 
1.01^^ water was heated in vacuo for 20 hours at 150*^, phos- 
phorus pentoxide being present in the vessel at .the same time< 
After this treatment traces of water v/e re found to be present 
in the oxide. 

As to the effect of temperature on the volatiliza- 
tion of the oxide, it is seen that volatilization begins Just 
above the raelting point, and increases rapidly for the few 
first degrees, but scon reaches a point wliere it goes vtry 
slowly. This point is narked by the solidification of 
the fused CrO^ in consequence of lOos of oxygen. Imj.odiate- 
ly above this point, not m.-ich CrO^ is volatilized, but at a 
higher temperat'ire approaching a dull red heat, volatiliza- 
tion occurs rapidly and quite completely; the last of the 
trioxide being driven off only- at a bright red heat. The 
rate at which the temperature is raised, providing it is 
raised high enough to cause complete decomposition, makes 
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9 
no difference in the per cent volatilized. At temperatures 
hear the deccmFOsiticn point it is possible to get CrO^ 
to a constant weight, only after prolonged heating, and for 
small changes in temperature there is a narked difference in 
the weight lost. Two samples of the CrO^ containing LOl^''^^ 
water were placed on small weighed watch glasses and heated 
in an air bath (Pig. Ill) for 70 - 00 hours at 220«> - 230«> 
when a x: cnstant weight was obtained v/ith a los:; of 13.9,S, 
and 14*2^ J. Another set of samples from the same lot of CrO^ 
was heated under the same ccnditicnc as before at a tem- 
perature of 230^ - 240® until a constant weight was reached, 
when 20. :3/^ and 20.87/''/ v/us found to have been lost. 

As the for(;cin<;: experime^nts were being carried out, 
indications seemed to point to the fact that the greater 
the surface of the oxide exposed, the greater the amount 
of volatilization. In order to offer greater surface during 
the process cf voldtalization, the trioxide was heated^and a 
portion of the volatilized oxide was condensed on weighed 

asbestos fibre or glar.s v/ocl. The CrO^ to be volatilized 

3 

is placed in a glass tube "B" (Fig. ^) wiiere it is heated 
by neans cf a Bunsen burner. During the heating a stream 
of dry air is drav/n over the oxide in the tube "B^*, throufji 
wash bottles "A", containing H2SO4. Tliis dry air carries tiie 
fumes of the trioxide tlircugh the narrowed neck of "B", into 
weighed tube "0", cntaining the glass wool. The CrO^ic then 
revolatilized by remcvinr; the glass wool and trioxide from 
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10 
the tube and heating in a porcelain dish. 

Y/t. CrOj . Less (CrOj + 0) /< CrO^ volatilized 

.1951 .0641 11.68 

.1221 .0551 27.02 

.1007 .0352 13.51 

In these experiinonts^as w©ll as in those conducted in a 
similar nanner with asbestos fibre, as the vapor arises it 
appears to be ncre or less condensed by the upper layers 
of the fibre or glass wool, yet by this means, the per cent 
of the trioxide volatilized is greatly increased, especially 
if not too thick a layer of glass wool or fibre is used. 

In the fi) 1 lowing series cf experinjents the oxide 
was placed in a porcelain dish resting en a piece cf 
asbestos board (Pig. J^ ) , from v/hich it was volatilized and 
collected on a weig?ied platinum dish inverted over the 
porcelain dish. By this means the oxide was spread over 
the large surface of the platinum dish, from which it could 
be directly volatilized without any opportunity for conden- 
sation due to glass wool or fibre. These last experiments 
gave by far the greatest amount of volatilization observed. 
^Vt. CrO^ Loss (CrOj + 0) /^CrOs volatilized 

•0216 .0193 65.85 

.0193 .0154 73.59 

.0239 .0171 G2.75 

.0125 .0035 57. 6Q 

.C317 .0240 68.14 
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V/t. Cr03 


LcsG (Cr03 + 0) 


;/ Cr03 volatilized 


.0217 


.0140 


53.46 


.0218 


.0172 


72.02 



Considerable diminution in pressure has but little 
influence on the wlatility cf the Cr03. Twc grains of 
the chrcmiun tricxide which had been carefully rendered anhy- 
drous by fusion, were heated in an air bath (Fig. VI) under 
a pressure cf 26 rv.u and shewed nc loss in weight, but re- 
mained apparently unchcinged. lie subliinate cculd be detected 
in the bottle in which the experiment was conducted. This 
same experiment was conducted in an apparatus similar to that 
used by J^towski, but it was found impcssible to obtain 
any signs of the crystals 'mentioned by him. T\7C grams of 
the fused oxide were heated under tho same conditions of 
pressure^but with the temperature raised so that it stood 
from 185** to 198** for a period of 14 hours, and again 
there was nc change in v/eight or appearance. Two fresh 
samples were heated under a pressure of 26 rir.i. at 200** for 
14 hours with a lcr3S of .39;o and .33/? respectively. At this 
point volatilization of the oxide had just begun, as was 
indicated by a slight coating which appeared on the ther- 
mometer and .^ides of the porcelain crucible containing the 
tricxide. Duplicate samples were heated in the same appar- 
atus at 130** to 140** and up to 185** to 190** uiider atmos- 
pheric pressure without any clmnge. Y/hen the temperature 
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is raised to the neinhbcrhojd cf 200^ under atmospheric 
pressure, CrOo bcr;ins to volatilise in small quantities, as 
can be. seen by tlie ccatin^^ en the sides cf the crucible. 

Proa these experiments it is obvious that by de- 
cre^isinc t]:e pressure to 26 rxa. , the volatilization is not 
apparently increasedinor on the otht^r hand does increase in 
pressure seen to have any influence on the volatility of the. 
oxide. 

llotv/ithstanding t?iat analysis has failed to 
reveal the presence cf impurities other than water, the 
oxide vmc> sublimed and when subjected to analysis showed 
itself to be CrO^. This was accomplished by fusing some 
CrOj contaiTiinR 1.0]J, of v/ater in a hard glass test tube. 
Above the fused oxide was placed a thick layer of glass wool, 
and covering the top of the crucible was a weighed platinum 
crucib.Te cover on \7:iich the volatilized oxide is condensed. 

In order to deteiTnine if it were possible to 
condense a more volatile portion of tit? oxide, a series of • 
subli:nations were carried on as follows: About 4 kilos 
of the trioxide were heated, small portions at a time in a 
porcelain evaporating dish (Pig. VII), supported en a 
piece of asbestos beard. The funes were drawn through n.n 
inverted funnel by means of a current of air, into a large 
tube containing glass' v/ocl. The glass wool on which the 
CrO- v/as deposited is removed from the tube^and placed in 
the evapoi^ating dish from v/hich t-ie original trioxide was 
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sublimed, heated as before and collected en a fresh lot 
of glass wool. This condensation and sublimation wns re- 
peated four times. Small portions were tal-:en from each 
fraction, by condensing a portion of the sublimed oxide 
en a platinum crucible cover as shown in ?ig. VII and tested 
as to their volatility. 

Second Fraction. 
Loss (Cr03 + 0) 
.0641 
• 0B20 
Third Fraction- 
.0091 
.0105 
Fourth Fraction. 
.0093 .0039 23.65 



CrOj taken 
.1342 
.1800 

.0218 
.0250 



CrO- volatilized 
31.30 
29.00 

23.39 
23.60 



The chromiimi trioxide caught on the f^lass wool was excxm- 
ined under the microscope, and in all case:; foi^nd to be 
condensed in a crystalline form. Large crystals l/8 of 
an inch long are often formed in the neck of tlie funnel. 
A final series of experiments were conducted to 
«|$certain the effect of the presence or absence of oxygun • 
on the amount of oxide volatilized. In these experiments 
the oxide was placed in a porcelain boat and heated in a 
hard glass tube through v/hich a current of the gas was 
passing (Fig. VIII), no attempt being made to secure a 



Digitized by 



Google 



Digitized by 



Google 



r/q. 8 . 



1 



Digitized by 



Google 



Digitized by 



Google 



14 



ge surface. 






V/t. CrOj 


Lens (CrOr^ + 0) 

• 


X CrOj volatilized 


.3107 


.0829 


3.54 


.3426 


.0866 


1.72 




riean 


2.63 



In a second series of experiments carbon dioxide was sub- 
stituted for oxyr^en with similar results. 

17t. CrOo Loss (CrO^ + 0) ,< CrO^ colatL lized 
.2185 .0560 2.19 

.2374 .0644 4.17 

Ilean 3.18 
V/hen these results arc ccmpared v/ith these obtained under 
siTiilar conditions, but in a current of air, it appears 
that trie r;aseous atnosphore has no influence on the vol- 
atility cf the oxide. 

Prom the above series of experiments made under 
varying conditions, it appears t?iat chromium tri oxide is 
slir-htly volatile at temperatures just above its melting 
point and not at all below. V/hile only a small percentage of 
the oxide can be volatilized under ordinary conditions, the 
amount v/hich can be volatilized from a given ouantity can 
bo increased by increasing the surface of the oxide exposed. 
The factors cf increased, or diminished pi-essure^or the 
influence on non-reducing gases has apparently very little 
effect on this volatility. Further tiiis volatilization be- 
gins Just above the melting point of the oxide, lOo® and ^ 
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vapors continue tc .-ippear until a red heat is reached when 
decomposition into the sesquicxide and cxyrjen is complete. 
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